Abstract. The evolution in information technology has allowed the development of new DSS architectures. This paper presents a framework for developing a web-based optimization decision support system for intra/interorganizational decision-making processes. Data exchange in interorganizational decision, separate decision and data models, and web services technology have been raised. Considering these factors a framework for developing a DSS with web services have been defined. In a business context, these web services could be offered for different web services provider companies and used by the different participants in an intra/inter-organizational decision-making process. In order to contextualize this framework, three scenarios have been defined and different relationships have been identified between the participating enterprises.
Introduction
Decision Support Systems (DSS) have been used to help in a wide range of enterprise decision-making processes. The evolution in information technology has allowed the development of new DSS architectures, from stand-alone DSS to Group Decision Support Systems, OLAP and data warehouse technology in DSS, agent-based DSS or Web-based DSS [1] [2] [3] . Power [4] defined the expanded DSS framework with five categories: data-driven, model-driven, knowledge-driven, document-driven and communication-driven DSS.
A new generation of web-based model-driven DSS is beginning to emerge [3] . These systems take advantage of the web services concept. A single DSS problem may be solved using multiple modelling or solution paradigms developed by different sources as separate web services and the results are then presented to the user in an aggregated or summarized form. Developing a web-based model-driven DSS requires identifying its components and describing their functionalities.
This paper presents a web-based optimization DSS framework for intra and interorganizational decision-making processes in order to be used in the early design stages of a DSS. The framework is focused on service-oriented architectures (SOA) using web services. This paper deals with the model-driven DSS, specifically about optimizations models, and increasing their potential by means of web technology.
Data exchange in inter-organizational decisions
Huxham [5] defines inter-organizational collaboration as a "process in which organizations exchange information, alter activities, share resources and enhance each other capacity for mutual benefit and a common purpose by sharing risks, responsibilities and rewards". Relationships among trading partners in a supply network have been categorized as [6] : 1) Transactional (automation of buyer-seller EDI-based transactions), 2) Information-Sharing (the partners are given access to a system that has the shared information in it, or one partner transmits shared information to the other partner), and 3) Collaborative (information is not just exchanged and transmitted, but it is also jointly developed by the trading partners working together). According to Vernadat [7] in enterprise interoperability the main challenge is operations optimization via these co-decision, co-ordination, and even negotiation mechanisms.
DSS in inter-organizational systems have been defined for SCM [8] , X-networks [9] , Extended Enterprise [10] , Virtual Enterprise [11] or in the broad area of distributed decision making contexts [12] . European initiatives have been elaborated to develop interoperability of enterprise (decision) applications [13] and will be elaborate in future internet enterprise systems to support inter-and intraorganisational collaboration [14] .
The internal/external enterprise decision structures are changing. For example, planning collaboration cannot be just a solution between close partners, but needs to be implemented with a large number of different business partners [15] . The goal today must be solutions that enable mass collaboration. In the Virtual Enterprise (VE) paradigm, enterprises must share and exchange a part of their internal local information in order to interact and cooperate with each other towards the achievement of the global VE goals [16] . A member of the VE may decide to give access to its partners, with different levels of visibility according to their cooperation agreements, to part of the information it owns [17] . About technological aspects, the major principles and technological waves that have prevailed in building integrated or interoperable enterprise systems so far have been [7] : 1) Data integration, 2) Objectoriented approaches and object request brokers (ORBs), 3) Business process modelling (BPM) and process-oriented approaches, 4) Enterprise application integration (EAI), 5) Web services and service-oriented architectures (SOAs). The architectural style of next generation technological platforms intended to support design, deployment, and execution of extended business processes inside organizational networks, must be guided by interoperability principles at the processes, services, or data level, and service-oriented architectures attempt to address these issues [18] . Web Services are a key component of the emerging, loosely coupled, web-based computing architecture. Other systems may interact with a web service in a manner prescribed by its definition, using XML based messages conveyed by Internet protocols. The web services specifications offer a communication bridge between the heterogeneous computational environments used to develop and host applications [19] . The web environment is emerging as a very important DSS development and delivery platform [2] . DSS built for this environment, named webbased DSS [4] , use different technologies [20] [21] . Among these technologies, web services are considered a viable technological platform for web-based optimization [22] .
DSS with separate decision and data models
Data Modelling, Decision Modelling, and Model Analysis and Investigation, are logical constructs, which play a leading role both in the interaction of information systems and decision technologies, as well as in rational decision making [23] : 1) Data Modelling refers to the "structured" internal representation and external presentation of recorded facts. Broadly speaking this provides the decision-maker with information about their decision problem. 2) Decision Modelling is the development of a model, or a range of models that captures the structure as well as the decisions in respect of a given problem. These models are used to evaluate possible decisions in a given problem domain, and the probable outcomes. 3) Model Analysis and Investigation refers to the instantiation of the model with data, and the evaluation of the model parameters as well as the results in order to gain confidence and insight into the model. This separation between data and models, already included in [24] , has been used in multiple DSS designs [25] [26] [27] [28] . [10] proposes a framework for a decision support system in a hierarchical extended enterprise decision context. Figure 1 illustrates, in a simplified form, some of the components defined and its relationships without include hierarchical decision details. Fig. 1 . Separate decision and data models (adapted from [10] ). [22] shows this separation in web-based environments for optimization. A web enabled system for optimization should aim at: a) Providing each single optimisation tool as an independent service, b) Enabling remote interaction between the optimization components to provide a complete problem solving environment, c) Combining the provision of the tools with the provision of user support and security. This can be achieved by adopting an IT architecture based on web services, so we propose to use this technology. 
The Proposed Framework in Three Scenarios
In order to contextualize the framework in an intra/inter-organizational environment, three scenarios has been defined (figure 3): Scenario 1: Intra-organizational data and decision model. There is not information or decision model sharing between organizations. Scenario 2: Inter-organizational data and intra-organizational decision model. There exists information sharing between organizations but not a joint decision model. Scenario 3: Inter-organizational data and decision model. There is information sharing and joint decision model between organizations.
Intra-organizational data and decision model
In this context, Decision Model Designers and Decision-Makers interact with the Model Manager Web Service in order to define Decision Models and Decision Data Models, which will be later instanced. Defining separate Decision Models and Decision Data Models allows Decision Model Designer and Decision-Makers to define some Decision Models that use a same Decision Data Model.
Information System Designer interacts with the Data Models Manager web service and Decision Data Model Instantiation web service in order to define the instantiation process to obtain Analytical Data. Decision-Maker use Model Analysis and Investigation web service in order to instance a Decision Model with a data set, resolve it and make a decision. In this sense, Decision-Makers could resolve different previously defined Decision Models, and these could be instanced with different data sets (different companies, departments or simulations data) that fit with its Decision Data Model.
It is possible to implement a DSS platform in the organization with all these web services, but using the web services technology facilitates that they can be provided by web services provider companies. In this sense, a web services provider company with mathematical model specialized staff could advice on model definitions and host the defined models, another provider could offer web services for data management and a third could provide solver web services. Therefore, the main advantage of the framework in this scenario for the organizations is reuse decision models, and from a technological perspective, the main advantage is to build a DSS with components provided for different web services companies. Fig. 3 . Three inter/intra-organizational DSS scenarios.
Inter-organizational data and intra-organizational decision model
In this scenario, there is information-sharing between organizations but not joint decision models. Besides the features included in the previous scenario, additional features can be identified: Participating organizations must work jointly in the data model definition that each organization shares with the other. Also, it is necessary to define a Decision Data Model Instantiation in order to retrieve data, not for its DSS but for the partner organization. In these sense, the participating organization require establishing the data exchange periodicity in order to orchestrate the web services.
An advantage in this case is to use web services technology to exchange data between DSS web-based or uses a common data-manage web services provider company.
Inter-organizational data and decision model
There are decision models defined jointly by the participating organization and information sharing. Besides the features included in the previous scenarios, additional features can be identified:
In this scenario, the Models Manager web service is a common tool to jointly define share Decision Models and Decision Data Models. Each organization must define its Decision Data Model Instantiation web service in order to retrieve its data subset that participates in the joint Decision Data Model. The participating organizations require establishing a common schedule in order to resolve its share Decision Models and the necessary mechanisms to define a definitive decision in function of the (inter-organizational) decision-makers judgments and choices.
A DSS developed from the framework for this scenario allows defining decision models, share data and solve shared decisions with a web-based technology to be used in intra/inter-organizations decision-making processes.
Conclusions
DSS for intra and inter-organizational decision have been defined in a wide range of decision making situations. The technological advances in the Internet make available new DSS advances. In this sense, service-oriented architectures using web services allow defining new web-based DSS. The proposed framework for developing DSS using web services for separate intra/inter-organizational data and decision models draws on web technology to design Decision Models and Decision Data Models which will be later instanced and solved to make a decision. Its components have been identified and classified as web services, data exchange, roles and organization"s data sources. Designing a DSS with web services allows splitting its functionality using these web services. Different web services providers can offer these and can be used by the different participants in an intra/inter-organizational decision-making process. Contextualizing the proposed framework using three scenarios has allowed identifying different aspects of the proposal with the participating enterprises in an intra/inter-organizational decision process and web services providers companies.
